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(57)Abstract: 

PURPOSE: To grow high-quality SiC single crystal having the same 
crystal polymorphic structure as that of seed crystal at a high growth 
rate in sublimation recrystallization method. 

CONSTITUTION: Seed crystal comprising SiC single crystal 8 having 
exposed a crystal face deviated from {0001} plane by angle ou of about 
60° to about 120° , representatively about 90° is used as seed 
crystal by sublimation recrystallization method. The SiC single crystal 
obtained by this method is cut along a plane which passes through the 
end of width of c axis of the seed crystal, crosses the exposed face of 
the seed crystal at right angles by the angle a1 and intersects the c axis 
of the seed crystal and part exceeding the width of the seed crystal in 
the c axis direction in SiC single crystal can be obtained to give high- 
quality SiC single crystal substantially containing no dislocation. 
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CLAIMS 



[Claim(s)] 

[Claim 1] the sublimating method for growing up a SiC single crystal on the SiC single crystal substrate of the 
seed crystal which is made to carry out heating sublimation of the SiC raw material powder in an inert gas 
ambient atmosphere into the crucible made from a graphite, and has become low temperature from the raw 
material a little — setting — as seed crystal — {0001} sides — the include angle alpha 1 of about 60 degrees - 
about 1 20 degrees only — the growth approach of the SiC single crystal characterized by to use the seed 
crystal which consists of a SiC single crystal to which the crystal face shifted was exposed. 
[Claim 2] Said include angle alpha 1 The approach according to claim 1 of being about 80 degrees - about 100 
degrees. 

[Claim 3] The approach according to claim 1 which is perpendicular to {0001} sides. 
[Claim 4] 

[External Character 1] 

aeaastfiffi** iioioi mr^^m^Mi ictzm&jj&o 

[Claim 5] The SiC single crystal obtained by the approach according to claim 1 to 4. 

[Claim 6] The SiC single crystal obtained by the approach according to claim 1 to 4 is passed along the edge of 
the direction width of face of a c-axis of said seed crystal, and it is an include angle alpha 1 to the exposure of 
seed crystal. The manufacture approach of the SiC single crystal characterized by cutting along the field which 
crosses and intersects perpendicularly with the c-axis of seed crystal, and obtaining the part beyond the width 
of face of the direction of a c-axis of the seed crystal in a SiC single crystal. 
[Claim 7] The SiC single crystal obtained by the approach according to claim 6. 

[Claim 8] In the sublimating method for growing up a SiC single crystal on the SiC single crystal substrate of the 
seed crystal which is made to carry out heating sublimation of the SiC raw material powder in an inert gas 
ambient atmosphere into the crucible made from a graphite, and has become low temperature from the raw 
material a little The growth approach of the SiC single crystal characterized by using the substrate to which the 
crystal face where only the include angle alpha 1 of about 60 degrees - about 120 degrees shifted from the 
{0001} sides started from the SiC single crystal according to claim 7 as seed crystal was exposed. 
[Claim 9] The SiC single crystal obtained by the approach according to claim 8. 

[Claim 10] a. b. which processes a SiC single crystal ingot into a {0001} side wafer by cutting and polish — the 
SiC single crystal characterized by not to be observed at all the hexagon-like etch pit which shows screw 
dislocation by the evaluation approach by the melting alkali etching which has the above-mentioned process 
which measures the etch pit number generated under the microscope after c. etching which performs etching for 
about 5 minutes by about 530-degree C KOH melt. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a SiC single crystal and its growth approach. It is related with 
the growth approach of a detailed good 6H form (the crystal structure from which H serves as hexagonal system 
by six layers, and, as for 6, atomic laminating serves as round term is meant) SiC single crystal useful to 
application sides, such as blue light emitting diode, and the SiC single crystal which grows up a useful good 4H 
form (the crystal structure from which H serves as hexagonal system by four layers, and, as for 4, atomic 
laminating serves as round term is meant) SiC single crystal etc. into application sides, such as purple light 
emitting diode. 
[0002] 

[Description of the Prior Art] It is chemically [ physically / a SiC single crystal / and ] stable, and since it is the 
material which can moreover bear an elevated temperature and a radiation, the application as an environment- 
resistant semiconductor device ingredient is expected. Moreover, from forbidden-band width of face being large, 
it is used as a light emitting diode ingredient of short wavelength. 6 H-SiC has prohibition width of face of about 
2.8eV at a room temperature, and actually serves as a charge of blue light emitting diode material. Moreover, 4 
H-SiC has prohibition width of face of about 3.1eV at a room temperature, and serves as a charge of purple light 
emitting diode material. 

[0003] Although the SiC single crystal ingot was produced by the sublimation recrystallizing method, the SiC 
single crystal substrate to which (0001} sides were mainly exposed as the seed crystal was used conventionally. 
In this case, in order that the same crystal polymorphism (polytype) as seed crystal might not always grow, it 
was going to grow up the target polymorphism according to growth conditions, such as temperature and a 
pressure. The growth approach of 4 H-SiC single crystal is indicated by JP,2-48495,A. Although it is indicated 
that 4H form grows by the 6H form and elevated-temperature side by the low temperature side bordering on 
near 2250 degree C as seed crystal temperature in this, by such approach, the polymorphism control into which 
the target polymorphism is grown up is not released completely, but deterioration of the crystal quality by 
mixture of other polymorphisms etc. tends to take place. 

[0004] Institute of Electrical Engineers of Japan electronic ingredient study group September 5 [ moreover, ], 
1988 Data number EFM-88-24p24 **** — evaluation of the SiC single crystal obtained by the above-mentioned 
approach is indicated. If the defect included in the crystal by melting KOH etching is investigated, many etch pits 
considered to correspond to a rearrangement will occur. There The pit of the shape of a hexagon of three kinds 
of sizes exists, and it is [ 2 and ] -104 inside 102-103 size/cm to order from what has large size. An individual / 
cm2, and smallness -105 An individual / cm2 It is said that a **** and they support the line defect Especially 
the defect corresponding to a large-sized etch pit is the causes, such as leakage current, when it is the pinhole 
which penetrates a crystal and a component is produced. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention aims at offering the improved SiC single crystal and its 
manufacture approach. This invention aims at offering the approach of growing up the good SiC single crystal 
which has the same polymorphism structure as seed crystal again with a large growth rate. This invention aims 
at offering the approach of growing up the SiC single crystal with which a rearrangement does not exist still 
more substantially with a large growth rate. 
[0006] 

[Means for Solving the Problem] In the sublimation recrystallizing method for growing up a SiC single crystal on 
the SiC single crystal substrate of the seed crystal which this invention makes carry out heating sublimation of 
the SiC raw material powder in an inert gas ambient atmosphere into the crucible made from a graphite, and has 
become low temperature from the raw material a little as seed crystal — {0001} sides — include angle alpha 1 of 
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about 60t120 degrees only — it is the growth approach of the SiC single crystal characterized by using the SiC 
single crystal to which the crystal face shifted was exposed. In this invention, it is more desirable than {0001} 
sides to use the SiC single crystal to which about 80-100 degrees of crystal faces where only the include angle 
of about 90 degrees shifted still more preferably were exposed preferably as seed crystal. 
[0007] Moreover, this invention passes along the edge of the direction width of face of a c-axis of said seed 
crystal the SiC single crystal obtained by the above-mentioned approach, and is an include angle alpha 1 to the 
exposure of seed crystal. It is the manufacture approach of a SiC single crystal that a rearrangement does not 
exist that it is good and substantially rather than it is characterized by obtaining the part which cut along the 
field which crosses and intersects perpendicularly with the c-axis of seed crystal, and exceeded the width of 
face of the direction of a c-axis of the seed crystal in a SiC single crystal. 

[0008] the {0001} sides where this invention was furthermore started from this SiC single crystal with which it is 
good with a single crystal and a rearrangement does not exist substantially — include angle alpha 1 of about 60 
degrees - about 1 20 degrees only — it is the growth approach of the SiC single crystal characterized by using 
the substrate to which the crystal face shifted was exposed. 
[0009] 

[Function] In SiC, when arranging an atom to {0001} sides, three kinds of the atomic location exists, and since 
those energy differences are small, it is supposed that much of polymorphism structures [ much ] exist in 
stability. Since the array of an atomic laminating has not appeared in a front face when growing up the crystal of 
the target polymorphism on {0001} sides without a spiral step, it is adjusting growth conditions, such as 
temperature and a pressure, and it is necessary to make the crystalline nucleus of the polymorphism made into 
the purpose generate. 

[0010] On the other hand, it is the include angle alpha 1 of about 60-120 degrees from the {0001} sides like a 
field perpendicular to {0001} sides. Since the array of the atomic laminating of a polymorphism has appeared on 
the field when making it grow up on the crystal face shifted, it is not necessary to make the crystalline nucleus 
of the target polymorphism generate, and the original seed crystal and the crystal of the polymorphism structure 
of the same class will grow easily in large growth conditions. In this case, the single crystal which has good 
crystallinity without mixture of other polymorphisms grows. Moreover, the growth rate in the range in which a 
good crystal grows also becomes large. 

[0011] Hereafter, the contents of this invention are explained to a detail based on a drawing. Drawing 1 shows an 
example of the single crystal growth equipment used in the growth approach of the SiC single crystal of this 
invention. As shown in drawing 1 , it is constituted by the crucible lid 3 made from a wrap graphite, and the side 
face of crucible 1 and the crucible lid 3 and the upper and lower sides are covered with the heat insulator 6 
made from the graphite felt, and require opening of said crucible body 1 with which the crucible made from a 
graphite used for this single crystal growth equipment has the installation section 4 of the crucible body 1 of an 
owner bottom, and the SiC substrate seed crystal 5. In addition, these crucible bodies 1, the crucible lid 3, and a 
heat insulator 6 all consist of a graphite which has a desirable coefficient of thermal expansion almost equivalent 
to silicon carbide. Furthermore, it is put into these by the container which can carry out evacuation with 
evacuation equipment, and can carry out pressure control of the internal ambient atmosphere in inert gas, such 
as Ar and Xe. The RF induction coil looped around for example, out of the container performs heating. 
Measurement of crucible temperature forms the optical path 7 with a diameter of 2-4mm for example, for the 
crucible lower part in the center section of the wrap felt, takes out the light of the crucible lower part, and is 
always performed using a two-color thermometer. It is considered that this temperature is raw material 
temperature. The same optical path as the up felt is established beforehand, the temperature of a crucible lid is 
measured, and it is considered that this is the temperature of seed crystal. 

[0012] Drawing 2 explains the indices of crystal plane of a SiC single crystal. 0 it is used by this invention — { — 
[External Character 2] 

0 0 1) ffiK^Ql^Stt. i*i:/TLfc (10 10) ®s {112 0} mici^K 

** countless existence (in indices of crystal plane, it can be written as {hkiO}) will be recognized. The substrate 
with such a field can be obtained by starting the SiC single crystal ingot grown up on {0001} sides for example, 
by the sublimation recrystallizing method at right angles to {0001}, and processing it, and what started the SiC 
single crystal ingot grown up on this {0001} side in the 1st embodiment of this invention described below at right 
angles to {0001}, and processed it is used. 

[0013] However, it is thought that a good SiC single crystal grows similarly because spiral growth of SiC will not 
take place also when the substrate which exposed the field to which it inclined to some extent than not a 
perpendicular field but this field strictly to {0001} sides in this invention, for example, the field to which about 30 
degrees or less 10 degrees or less inclined preferably, is used as seed crystal 5. Therefore, the seed crystal 
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used in this invention is the include angle alpha 1 of about 90 degrees more preferably about 80 degrees - 100 
degrees about 60-120 degrees from {0001} sides. It may have the exposure shifted. 
[External Character 3] 
£ ^Iwft&Hi LTftlc, { 1 0 T 0) S*SStii<*ti-*S i CVfS51*<&£ L 

^ 0 ztnts iaaos^fiKS^a±ffl*< tioioi 77*7 utttafc* 

It is hard to produce the pit by heat etching there. 

[0014] As the crystal growth of the SiC single crystal by this invention using the single crystal growth equipment 
shown in drawing 1 is the following, it is performed. First, like the above, it attaches in the crucible lid 3 by using 
as seed crystal 5 the substrate which took out the field of this request, and the SiC raw material powder 2 is 
introduced in the crucible body 1. Little content of impurities, such as Fe and aluminum, is wanted for there to 
be as SiC raw material powder 2. 

[0015] the interior of the container after introducing seed crystal 5 and the SiC raw material powder 2 in 
crucible and arranging this crucible in said container — a vacuum — it considers as the bottom of reduced 
pressure of 10 to 6 or less Torrs preferably, and raw material temperature is raised to about 2000 degrees C. 
Then, it maintains at about 600 Torr(s), making inert gas flow, and raw material temperature is raised to target 
temperature. It is desirable to perform reduced pressure over 10-90 minutes, to set the ambient pressure force 
as 5 - 20Torr, to set more preferably 2100-2500 degrees C of raw material temperature as 2200-2400 degrees 
C one to 50 Torr, and to start growth. It is hard coming to evaporate a raw material at low temperature from 
this, and a good single crystal stops being able to grow up from this easily due to heat etching etc. at an 
elevated temperature. Moreover, seed crystal temperature is more preferably lower than raw material 
temperature 50-70 degrees C 40-100 degrees C, and, as for a temperature gradient, it is desirable to make it 5- 
25 degrees C /more preferably set to cm in 10-20 degrees C /cm. Furthermore, as for the relation between 
temperature and a pressure, it is desirable to make it the growth rate of a single crystal serve as 0.8 - 1.3 mm/h 
more preferably 0.5 to 1.5 mm/h. this — a high speed — if — since crystallinity falls, it is not suitable, and at a 
low speed, productivity is not better than this. 

[0016] In addition, the polycrystaHzed prevention technique and the diameter-ized technique of macrostomia 
which are known in the manufacture approach of the conventional SiC single crystal which uses the SiC single 
crystal substrate to which {0001} was exposed can be twisted to the manufacture approach of the SiC single 
crystal of this invention as it is, can be made into it, and can be applied only by adding some modification. 
[0017] Thus, although the SiC single crystal 8 of this invention is obtained, unlike the conventional SiC single 
crystal which is grown up using the SiC single crystal substrate to which it has the same polymorphism structure 
as the polymorphism structure which seed crystal 5 has, and {0001} was exposed again, and is obtained, this SiC 
single crystal 8 does not have generating of the screw dislocation corresponding to a swirl growth center. 
Therefore, it can use suitably as a substrate of a blue light emitting diode or an electron device. Melting alkali 
etching can perform strict evaluation of the crystallinity of a SiC single crystal in the following procedures. The 
produced single crystal ingot is processed into a {0001} side wafer by cutting and polish. At this time, it takes 
care that processing distortion does not remain in a wafer. Etching is performed for about 5 minutes by about 
530-degree C KOH melt. The etch pit number generated by Nomarski differential interference microscope is 
measured after etching. 

[0018] On the other hand, evaluation of the polymorphism of a growth single crystal and a seed crystal single 
crystal can be performed to Raman-scattering measurement, X diffraction measurement, and a pan with 
methods of identification, such as optical-pumping luminescence at low temperature. 

[0019] If {0001} sides are used as the seed crystal when performing SiC single crystal growth by the sublimating 
method Whether or not screw dislocation will be shown in this seed crystal front face from the first, when swirl 
growth takes place, many screw dislocation corresponding to a swirl growth center occurs (these are observed 
as a hexagon-like etch pit by melting KOH etching mentioned above.). It is the include angle alpha 1 of about 60 
degrees - about 120 degrees from {0001} sides. When making it grow up on the field shifted, swirl growth does 
not take place, and the screw dislocation corresponding to this is not generated. The SiC single crystal of this 
invention is identified by a hexagon-like etch pit usually not being observed at all in evaluation by the above- 
mentioned melting alkali etching. 

[0020] However, when the rearrangement which has the sliding surface is included in the c-th page ({0001} sides 
or basalplane) of a crystal on the used seed crystal substrate front face, this rearrangement will be taken over 
to the growth crystal. In the part which exceeded the width of face in the direction of a c-axis of seed crystal 5 
among the grown-up SiC single crystals 8 since this kind of rearrangement was transmitted only within the c-th 
page, i.e., drawing 3 This kind of rearrangement will also be taken over to the field part (shadow area) located in 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web^cgLejje 



2005/12/19 



JP,05-262599,A [DETAILED DESCRIPTION] 4/7 ^— v 

the method of outside [ include angle / alpha 1 ] to the 1st virtual flat surface X containing the exposure of seed 
crystal 5 (it sets for the example of drawing 3 and is **** [outside 4]). The 2nd two crossing parallel virtual flat 
surface Y1 and Y2 

H5£LT 11010} S (a 2 =90° ) St£;5<J8l> btlTt^OT, % 2 CD 

The virtual flat surface Y1 and Y2 It intersects perpendicularly with the 1st virtual flat surface X. . In addition, it 
sets to drawing 3 and is said 1st virtual flat surface X, the 2nd two virtual flat surface Y1 f and Y2. A crossover 
line is perpendicular to the c-axis of the 1st seed crystal respectively, and turns into a straight line which 
passes through the edges 9a and 9b in the direction of a c-axis of the seed crystal of a parenthesis. Moreover, 
the 2nd virtual flat surface Y1 and Y2 Each corresponds to the {0001} sides of the SiC single crystal 8. 
[0021] Therefore, especially the part (shadow area of drawing 3 ) that exceeded the width of face in the 
direction of a c-axis of seed crystal among the SiC single crystals which grew by the above-mentioned approach 
of this invention is useful, and the SiC single crystal of this part does not contain the rearrangement which has 
the sliding surface in the c-th page which is transmitted from seed crystal, and which was mentioned above, 
either, excluding the screw dislocation corresponding to a swirl growth center. This part is the SiC single crystal 
which grew by the above-mentioned approach Said 2nd virtual flat surface Y1 and Y2 It is easily separable with 
other parts by setting and cutting. 

[0022] Therefore, it sets in the desirable mode of the manufacture approach of the SiC single crystal of this 
invention. It is started from the SiC single crystal of the particular part (shadow area of drawing 3 ) which has 
the SiC single crystal ingot grown up on the exposure of said 1st seed crystal as seed crystal. It is the include 
angle alpha 2 of about 90 degrees more preferably about 80 degrees - about 100 degrees about 60 degrees - 
about 120 degrees from {0001} sides. A SiC single crystal is manufactured according to an approach which was 
mentioned above, using the substrate which exposed the field shifted as seed crystal. 

[0023] Since seed crystal does not contain the rearrangement which has the sliding surface in the c— th page, 
the SiC single crystal obtained by this has the engine performance almost equivalent to the shadow area of the 
ingot shown in drawing 3 from which the whole ingot is obtained in said 1st embodiment, and does not contain 
the rearrangement which has the sliding surface in the c-th page which is transmitted from seed crystal, and 
which was mentioned above, either, excluding the screw dislocation corresponding to a swirl growth center. 
[0024] said 1st operative condition — the thing of the shadow area shown in drawing 3 of the SiC single crystals 
which set like and are obtained, and the 2nd operative condition of the above — since generating of various 
rearrangements is very few things which are not and which carry out and do not exist at all, the SiC single 
crystal which sets like and is obtained is useful especially as a substrate of a blue light emitting diode or an 
electron device, and makes the engine performance and production yield it to be not only effective as seed 
crystal of the sublimating method, but improve remarkably very few SiC single crystals of generating of the 
rearrangement concerning this this invention — for example, the collection of 52nd Japan Society of Applied 
Physics 1991 autumn drafts — No.1 p309 It is possible to identify by the evaluation approach as shown in 1 1 a- 
SY -18. Evaluation processes a single crystal ingot into abundance and the wafer which turned off only the 
include angle theta of 2-10 degrees typically from {0001} sides by cutting and polish first. An off include angle is 
given for observing the rearrangement which has the sliding surface in the c-th page which cannot be observed 
in respect of {0001}. At this time, it takes care that processing distortion does not remain in a wafer. Etching is 
performed for about 10 minutes by about 530-degree C KOH melt. The etch pit generated by Nomarski 
differential interference microscope is observed after etching. In this evaluation, the number of the shell-like 
etch pits (the rearrangement which has the sliding surface in the c-th page of a crystal is shown) observed is 
changed with said include angle theta. On the theory, when an include angle theta is 90 degrees, the number of 
appearances of the rearrangement which has the sliding surface in the c-th page of a crystal serves as max (in 
addition, observation is [ this rearrangement ] impossible as the chemical property, therefore the shell-like etch 
pit of SiC in this case.), the number of the shell-like etch pits stated by this detail letter because of this is not 
an actual measurement but correction value. Correction value is calculated by breaking an actual measurement 
by sintheta (0 degree < theta< 90 degrees). 

[0025] The hexagon-like etch pits where very few SiC single crystals of generating of the rearrangement in 
connection with this invention are observed in this evaluation approach are [ zero and a shell-like etch pit ] 
usually completely the things of zero comparatively preferably to small quantity and a pan. In addition, a 
hexagon-like etch pit shows the screw dislocation corresponding to a swirl growth center, as described above, 
and a shell-like etch pit shows the rearrangement which has the sliding surface in the c-th page of a crystal. In 
the well-known SiC single crystal obtained using the substrate which exposed {0001} sides as seed crystal, since 
very many (the order of 104-105 and a shell-like etch pit are the order of 104-105 typically for a hexagon-like 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2005/12/19 



JP,05-262599,A [DETAILED DESCRIPTION] 



5/7 <<— v 



etch pit) .such hexagon-like etch pits and shell-like etch pits are observed, it may be easily discriminated from 
the thing of the invention in this application. 

[0026] furthermore — moreover, the 3rd operative condition of this invention — like — setting — the 2nd 
operative condition — it starts from the SiC single crystal which sets like and is obtained — having — {0001} 
sides — include angle alpha 3 of about 60 degrees - about 120 degrees A SiC single crystal is manufactured 
according to an approach which was mentioned above, using the substrate which exposed the field shifted as 
seed crystal. The SiC single crystal obtained by this will become good like the SiC single crystal obtained in the 
2nd embodiment 
[0027] 

[Example] Next, although an example explains this invention concretely, this invention is not limited to these 
examples at all. 

[0028] {10 of 6H form taken out from the {0001} side growth ingot as an example 1 - a 2 seed-crystal substrate 

— [External Character 5] 

10) I^ffifflLx BR*MajK*2 4 0 0r> g«^JK£2 3 4 0°C. iSffi*3iZ£ 

It grew up by setting 12 degrees C [ cm ] /and the ambient pressure force to 20Torr(s). Moreover, a seed 
crystal radical [outside 6] 

«£ LTSUO (0 0 0 1) ffil£ft*f -y bfrZWtii L/c 4 HJ&<n { 1 0 T 0} 

The field was used and it grew up by the completely same temperature and the pressure. Both growth rates 
were somewhat larger than the time of being about 1 mm/h and using {0001} sides for a substrate side 
perpendicularly. Nevertheless, [External Character 7] parallel to the original substrate side to these single crystal 
ingots 

IIOTOI 77*7 h [IK £ tzZtlKMlZ fel*< ifr<D7 r *v h®^' 

It had appeared. Furthermore, these crystals had very good transparency and showed good crystal quality. As a 
result of identifying these crystal polymorphisms, as for that for which, as for what used 6H form as a seed 
crystal substrate, the whole used 6H form and 4H form, the whole had become 4H form. When the {0001} side 
wafer picked out from these crystals by alkali fusion etching was evaluated, the hexagon-like etch pit was not 
observed at all, but showed good crystal quality. 

[0029] {1 1 of 6H form taken out from the {0001} side growth ingot as an example 3 - a 4 seed-crystal substrate 

— [External Character 8] 

2 0) ®*&fflU l§mig«*2 4 0 Or. SK^2 34 0 Q C, 

It grew up by setting 12 degrees C [ cm ] /and the ambient pressure force to 20Torr(s). Moreover, a seed 
crystal radical [outside 9] 

StLTSf]© 100 0 1) ffifiXft-f VI y bfr^Wth L*:4 HB<D 1112 0) 

The field was used and it grew up by the completely same temperature and the pressure, the time of both 
growth rates being about 1 mm/h, and using {0001} sides for a substrate side perpendicularly, — some — size 
**** — [External Character 10] 

^ *: 0 tn\z hfrfrfrb-fs Cft^MS^ >rfy hCli { 1 0 T 0) 7 

Some facet sides had appeared a TTO side and besides it. Furthermore, these crystals had very good 
transparency and showed good crystal quality. As a result of identifying these crystal polymorphisms, as for that 
for which, as for what used 6H form as a seed crystal substrate, the whole used 6H form and 4H form, the whole 
had become 4H form. When the {0001} side wafer picked out from these crystals by alkali fusion etching was 
evaluated, the hexagon-like etch pit was not observed at all, but showed good crystal quality. 
[0030] For the example of comparison 1 comparison, the {0001} sides of 6H form taken out from the {0001} side 
growth ingot as seed crystal were used, and raw material temperature was grown up by setting 1 2 degrees C 
[ cm ] /and the ambient pressure force to 20Torr(s) for a temperature gradient, setting 2400 degrees C and 
substrate temperature as 2340 degrees C. Growth rates were about 0.8 mm/h perpendicularly in the substrate 
side. In the obtained single crystal ingot, the {0001} facet side and the facet side of some besides it further had 
appeared. Moreover, as a result of identifying a crystal polymorphism, the whole had become 6H form. When the 
{0001} side wafer picked out from these crystals by alkali fusion etching was evaluated, the same number and an 
etch pit of the same kind were mostly observed with what was shown in Institute of Electrical Engineers of 
Japan electronic ingredient study group 1988 year 9 month 5 day data number EFM-88-24p24 mentioned above. 
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[0031] 4H form, 6H form [outside 1 1] which were taken out from the {0001} side growth ingot as an example 5 
seed-crystal substrate 

, 1 SRJKOSfiELrt: UOTOf ffit (11201 ffij©KjcDifi ( (0 00 1) 

The field perpendicular to a field was used and raw material temperature was grown up by setting 12 degrees C 
[ cm ] /and the ambient pressure force to 20TorKs) for a temperature gradient, setting 2400 degrees C and 
substrate temperature as 2340 degrees C. the time of a growth rate being about 1 mm/h and using {0001} sides 
for a substrate perpendicularly, — ** — [External Character 1 2] 
^^^fc 0 Zfticbfrfrt>t>ir^ :^M B B ^ >=f v M:ii 1 1 0 T 0) 7 

Some facet sides had appeared an ASETTO side and besides it. the result of having identified this crystal 
polymorphism — a seed crystal substrate — 4H form and the seed crystal substrate grew to be the part of 4H 
form, 15R forms had grown to be the part of 15R forms at the part of 6H form, and 6H form and the seed crystal 
substrate had succeeded the polymorphism structure of a seed crystal substrate completely. 
[0032] {10 of 6H form taken out from the {0001} side growth ingot as an example 6 - a 8 seed-crystal substrate 
— [External Character 13] 

ioi m*mmi, mmm&2 34 or. iisait*2 2 8 o c c, umn&z 

It grew up by setting 12 degrees C [ cm ] /and the ambient pressure force to 10Torr(s). The growth rate was 
about 1 mm/h perpendicularly in the substrate side. As a result of identifying a crystal polymorphism, the whole 
had become 6H form. When drawing and alkali fusion etching performed crystalline evaluation for the wafer 
turned off 5 degrees from {0001} sides from the obtained growth ingot, there is no hexagon-like etch pit in the 
crystal (a part for the slash exterior of the SiC single crystal 8 of drawing 3 ) of the part which does not exceed 
the direction width of face of a c-axis of seed crystal in a growth ingot, and only the shell-like etch pit was 
observed. On the other hand, etch pits including a hexagon-like etch pit and a shell-like etch pit were not 
observed at all by the crystal (shadow area of the SiC single crystal 8 of drawing 3 ) of the part beyond the 
direction width of face of a c-axis of seed crystal. This shows that a rearrangement does not exist to the latter 
part {1 1 of 6H form taken out from the {0001} side growth ingot as a seed crystal substrate — [External 
Character 14] 

20) s> &£xf nolo) at (1150) m<offl<D& ( ioood jgt 

The same result was obtained, when the SiC single crystal was grown up by the same approach as the above 
using the perpendicular field and same evaluation was performed. 

[0033] {0001} taken out from the {0001} side growth ingot as an example 9 seed-crystal substrate 
[External Character 15] 

I10T0) ffi#fSj^#]8 0 Q "fft/c® (6H«) L JSftilK£ 

It grew up by setting 12 degrees C [ cm ] /and the ambient pressure force to 20Torr(s) for a temperature 
gradient, setting 2400 degrees C and substrate temperature as 2340 degrees C. The growth rate was about 1 
mm/h perpendicularly in the substrate side. As a result of identifying a crystal polymorphism, the whole had 
become 6H form. The wafer turned off 5 degrees from {0001} sides from the obtained growth ingot Drawing, The 
crystal of the part which does not exceed the direction width of face of a c-axis of seed crystal in a growth 
ingot when alkali fusion etching performs crystalline evaluation (a passage the edge of the direction width of face 
of a c-axis of seed crystal) There is no hexagon-like etch pit in the part located between two parallel fields 
which cross at 80 degrees to the exposure of seed crystal, and intersect perpendicularly with the c-axis of seed 
crystal, and minute amount observation only of the shell-like etch pit was carried out very much. On the other 
hand, etch pits including a hexagon-like etch pit and a shell-like etch pit were not observed at all by the crystal 
(part located in the outside of two parallel fields which pass along the edge of the direction width of face of a c- 
axis of seed crystal, and cross at 80 degrees to the exposure of seed crystal, and intersect perpendicularly with 
the c-axis of seed crystal) of the part beyond the direction width of face of a c-axis of seed crystal. This shows 
that a rearrangement does not exist to the latter part 

[0034] The c-axis of the seed crystal in the growth ingot obtained in the example 8 as an example 10 - a 12 
seed-crystal substrate [outside 16] 

^isi«*i**fc«»^t>-JKajLfc6 hjk© (loio) m&t&mi. fzmumz 

It grew up by setting 12 degrees C [ cm ] /and the ambient pressure force to 10Torr(s) for a temperature 
gradient, setting 2340 degrees C and substrate temperature as 2280 degrees C. The growth rate was about 1 
mm/h perpendicularly in the substrate side. As a result of identifying a crystal polymorphism, the whole had 
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become 6H form. When drawing and alkali fusion etching performed crystalline evaluation for the wafer turned off 
5 degrees from {0001} sides from the obtained growth ingot, the etch pit was not observed at all by the crystal of 
the part which does not exceed the direction width of face of a c-axis of seed crystal in a growth ingot 
Moreover, the etch pit was not observed at all by the crystal of the part beyond the direction width of face of a 
c-axis of seed crystal, either. This shows that a rearrangement does not exist in the obtained whole growth 
ingot It is [outside 17] the c-axis direction of the seed crystal in the growth ingot obtained in the example 8 as 
a seed c ry st a I sub st ra t e 

pje*tt^fcffl»*^iai l/c 6 nm<D { 1 1 2 oi a> tioToi m 
t (112 0) B^r^co® c {oooii asfcMfcffi) *®imLx±.iztmm 

The same result was obtained, when the SiC single crystal was grown up by the approach and same evaluation 

was performed. 

[0035] 

[Effect of the Invention] By using this invention, the good SiC single crystal ingot of desired polymorphism 
structure can be produced with a large growth rate, and supply of the high quality single crystal wafer which has 
the same polymorphism structure as useful seed crystal in various application sides, such as a device for 
environments-proof [ the blue light emitting diode using a SiC single crystal or a purple light emitting diode, 
and ], is enabled. 



[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] **, the sectional view showing typically the structure of an example of the single crystal growth 
equipment used for SiC single crystal growth of this invention, 

[Drawing 2] **, drawing having shown the indices of crystal plane of a hexagonal SiC single crystal, 
[Drawing 3] **, 
[External Character 18] 

(i oio) M*ss*m>**5i_iyj<z>— tn&f&mz&^xnztiz s i cm& 

It is the perspective view showing a ** ingot typically, it especially sets to this drawing, and is the c-axis of seed 
crystal. 

[External Character 19] 

^"fS]P5^fiUO^tl^ft— ^«riSt)d>o 3 <D c iiiizm^t^tzm^^<D {10 10} 

The field part located in the method of outside [ flat surfaces / perpendicular to an exposure / two / virtual ] is 
shown as a part surrounded with a slash. 
[Description of Notations] 

1 [ — The seed crystal installation section, 5 / — Seed crystal, 6 / — The heat insulation felt, 7 / — An optical 
path, 8 / — A SiC single crystal, X / — The 1st virtual flat surface, Y1 and Y2 / — 2nd virtual flat surface. ] — 
A crucible body, 2 — SiC raw material powder, 3 — A crucible lid, 4 

[Translation done.] 
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